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or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in 
this report. 

As used above, "person acting on behalf of NASA" includes 
any employee or contractor of NASA, or employee of such con- 
tractor, to the extent that such employee or contractor of NASA, 
or employee of such contractor prepares, di rsominates, or 
provides access to, any information pursuant to his employment 
or contract with NASA, or his employment with such contractor. 

Requests for copies of this report 
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Washington 25, D.C. 
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I. INTRODUCTION 

The program reviewed i n  t h i s  second q u a r t e r l y  p rogres s  r e p o r t ,  
cove r ing  from September 26, 1964 t o  December 26, 1964, i s  sponsored 
by t h e  Na t iona l  Aeronaut ics  and Space Adminis t ra t ion .  I t s  purpose 
i s  t o  examine t h e  i n f l u e n c e  of stress on t h e  c o r r o s i o n  behavior of 
an advanced r e f r a c t o r y  a l l o y  i n  potassium (Task I) and t o  i n v e s t i g a t e  
c o r r o s i o n  mass t r a n s f e r  e f f e c t s  i n  a s t a i n l e s s  steel-columbium a l l o y -  
potass ium system (Task 11). 

Task I 

While t h e r e  i s  cons ide rab le  evidence t h a t  r e f r a c t o r y  a l l o y s  have 
e x c e l l e n t  c o r r o s i o n  r e s i s t a n c e  t o  potassium, t h e r e  are few experiments  
which d e s c r i b e  t h e  p o s s i b l e  e f f e c t s  of stress on c o r r o s i o n  when t h e  
stress i s  s u f f i c i e n t l y  l a r g e  t o  produce s u b s t a n t i a l  amounts of c r eep  
du r ing  t h e  t es t .  
an advanced r e f r a c t o r y  a l l o y  which has  demonstrated e x c e l l e n t  c o r r o -  
s i o n  r e s i s t a n c e  t o  r e f l u x i n g  potassium dur ing  long-time exposures con- 
ducted a t  r e l a t i v e l y  low s t r e s s e s  a t  2000°F. 
columbium base a l l o y ,  i n  t h e  form of welded c a p s u l e s ,  has  been t e s t e d  
i n  potass ium under r e f l u x i n g  cond i t ions  f o r  p e r i o d s  of 5,000 and l0;OOO 
hours  a t  tempera tures  on t h e  order  of 2000°F (Ref. 1) and has  been 
s e l e c t e d  f o r  i n c l u s i o n  i n  t h i s  program. 

I t  i s  appropr i a t e  f o r  comparative purposes t o  s tudy  

I n  t h i s  r ega rd ,  D-43 

The D-43 a l l o y  r e f l u x  capsules  s h a l l  be t e s t e d  under c o n d i t i o n s  
which r e s u l t  i n  about 5 t o  10% s t r a i n  du r ing  a 500- t o  2,000-hour ex-  
posu re  p e r i o d  i n  t h e  2000" t o  2200°F tempera ture  range.  The r e f l u x  
c a p s u l e s  used i n  t h i s  s tudy  w i l l  be of similar s i z e  t o  t h o s e  p r e v i o u s l y  
desc r ibed  (Ref.  1). The capsule  w a l l  s h a l l  be reduced i n  t h e  p o t a s -  
sium l i q u i d  r e g i o n  and i n  t h e  vapor condensing r e g i o n  t o  provide  gauge 
s e c t i o n s  where t h e  e x t e n t  of creep can be measured. 
a t u r e  ad jus tments  can be made during t h e  t e s t  t o  achieve  t h e  d e s i r e d  
s t r a i n - t i m e  cond i t ions .  

Moderate temper- 

Task I1 

The u s e  of s t a i n l e s s  s tee l ,  r a t h e r  t h a n  r e f rbc tp ry  a l l o y s ,  f o r  
power p l a n t  r a d i a t o r  cons t ruc t ion  and f o r  t h e  lower tempera ture  por -  
t i o n  of  exper imenta l  f a c i l i t i e s  c o n s t i t u t e s  mater ia l  and f a b r i c a t i o n  
c o s t  sav ings .  Two methods of employing t h i s  approach are: u s e  of 
co-extruded,  s t a i n l e s s  s teel  s h e h l - r e f r a c t o r y  a l l o y  c o r e ,  t ub ing  i n  

-1- 



t h e  r a d i a t o r  o r  u s e  of an a l l  s t a i n l e s s  s teel  r a d i a t o r  j o i n e d  t o  the 
system by a b i m e t a l l i c  j o i n t .  Although t h e  l a t t e r  approach i s  p re -  
f e r r e d  cons ide r ing  c o s t  and problems a s s o c i a t e d  w i t h  f a b r i c a t i o n  and 
j o i n i n g  of co-extruded tub ing ,  a major u n c e r t a i n t y  and l i m i t a t i o n  
arises from t h e  mass t r a n s f e r  of i n t e r s t i t i a l  e lements  from t h e  s t a i n -  
less  steel  to,  t h e  r e f r a c t o r y  a l l o y s  through t h e  a l k a l i  m e t a l .  1 

It  i s  w e l l  e s t a b l i s h e d  that  t h e  carbon and n i t r o g e n  t r a n s f e r  from 
Type 316SS t o  Cb-1Zr a l l o y  a t  temperatures  near  1500°F ( R e f  2) While 
some impor tan t  a s p e c t s  of t h i s  mass t r a n s f e r  behavior  have been ex- 
amined, several c r i t i c a l  d e t a i l s  r e q u i r e  a d d i t i o n a l  i n v e s t i g a t i o n .  
There i s  a need t o  d e f i n e  accep tab le  t i m e  and tempera ture  c o n d i t i o n s  
of o p e r a t i o n  i n  t e r m s  of maintaining s a t i s f a c t o r y  performance of the 
r e f r a c t o r y  a l l o y s ,  such as Cb-1Zr a l l o y .  A l s o ,  t h e r e  are c e r t a i n  m e t a -  
l l u r g i c a l  a s p e c t s  of t h i s  behavior which should be i n v e s t i g a t e d  i n  an 
e f f o r t  t o  e l i m i n a t e  o r  reduce the  m a s s  t r a n s f e r  ra te .  I n  t h e  l a t te r  
ca t egory ,  it i s  most a p p r o p r i a t e  t o  cons ider  t h e  s t a b i l i z a t i o n  of car- 
bon and n i t r o g e n  i n  t h e  s t a i n l e s s  steel  by t h e  a d d i t i o n  of metal l ic  
e lements  which form c a r b i d e s  and n i t r i d e s  of h igh  thermodynamic s ta-  
b i l i t y .  Commercially a v a i l a b l e ,  t i t a n i u m  s t a b i l i z e d ,  Type 321SS i s  
one such a l l o y .  A comparative i n v e s t i g a t i o n  of t h i s  a l l o y  and Type 
316SS should i n d i c a t e  t h e  a b i l i t y  of t h e  t i t a n i u m  a d d i t i o n  t o  reduce  
o r  e l i m i n a t e  i n t e r s t i t i a l  m a s s  t r a n s f e r  i n  a s t a i n l e s s  steel-Cb-1Zr 
a l l o y  b i m e t a l l i c  system. Columbium-1% zirconium a l l o y  specimens w i l l  
be exposed t o  l i q u i d  potassium i n  Type 321SS and Type 316SS capsu le s  
f o r  1,000 hours  a t  1400°F under i so the rma l  c o n d i t i o n s  t o  e v a l u a t e  t h i s  
premise.  

-2- 



11. SUMMARY 

During t h e  second q u a r t e r  of t h i s  program, t h e  t o p i c s  a b s t r a c t e d  
below were covered. 
t h i s  r e p o r t .  

The r e s u l t s  are i n t e r p r e t a t i v e l y  p re sen ted  i n  

Task I - S t r e s s  Corrosion Reflux Capsule Tests 

The D-43 a l l o y  bar  f o r  t h e  f a b r i c a t i o n  of t h e  r e f l u x  capsu le s  
was r ece ived  and eva lua ted .  Measured c reep  s t r e n g t h s  were h ighe r  t h a n  
t h o s e  prevPously r e p o r t e d  from t h e  d a t a  compilat ion.  

The stress c o r r o s i o n  r e f l u x  capsu le  des ign  was completed; e n g i -  
Three  n e e r i n g  drawings were approved by t h e  NASA Technica l  Manager. 

c a p s u l e s  have been machined and rece ived .  

With t h e  excep t ion  of t h e  LVDT's and t h e  alumina probes ,  a l l  
suppor t ing  components f o r  t h e  r e f l u x  capsu le  t es t  f a c i l i t y  have been 
machined and/or  are on hand. 

A b o i l i n g  n u c l e a t o r  was designed and i s  t o  be employed i n  t h e  
c a p s u l e  tes ts  i n  o rde r  t o  avoid p o s s i b l e  deformation i n  t h e  reduced 
w a l l  and/or  f r a c t u r e  of t h e  alumina probes  as a r e s u l t  of b o i l i n g  i n -  
s t a b i l i t i e s .  

Task I1 - B i m e t a l l i c  I so the rma l  Capsule Tests 

Two Type 321SS and two Type 316SS i so the rma l  capsu le s ,  each con- 
t a i n i n g  Cb-1Zr a l l o y  s h e e t  specimens, were f i l l e d  w i t h  potassium and 
p l aced  on t e s t  a t  1400°F December 18, 1964. The planned tes t  d u r a t i o n  
i s  1,000 hours .  

-3- 



111. TASK I - STRESS CORROSION REFLUX CAPSULE TESTS 

A, Material Procurement 

S i x  p i e c e s  of l e66- inch  diameter x approximately 13-inch l e n g t h s  
of D-43 a l l o y  bar s tock  were received.  
8- inch  diameter ,  double vacuum arc  m e l t e d  ingot  (hea t  42-478-02) which 
was double extruded a t  2500°F. I n  each c a s e  a 4 : l  e x t r u s i o n  r a t i o  was 
employed. 
r e c r y s t a l l i z a t i o n  anneal  a t  2600'F. Chemical ana lyses  of samples taken  
from t h e  ba r s  are shown i n  Table  I. 
material ,  wi th  a g r a i n  s i z e  o f  ASTM 6-8, w a s  ordered,  meta l lographic  
examinat ion of t r a n s v e r s e  sec t ions  of t h e  bars revea led  t h e  s t r u c t u r e  
of t h e  c e n t e r  core  a r e a  t o  conta in  cons iderable  amounts of r e s i d u a l  
co ld  work, F igure  1, However, s ince  t h e  co re  material would be removed 
i n  t h e  f a b r i c a t i o n  of t h e  r e f l u x  co r ros ion  capsules  and t h e  remaining 
m a t e r i a l  around t h e  per iphery  did m e e t  t h e  g r a i n  s i z e  requirements ,  
F igure  2, f a b r i c a t i o n  proceeded as planned. 

The b a r  was produced from a 

The r e s u l t i n g  b a r  w a s  machined and subsequent ly  given a 

Although f u l l y  r e c r y s t a l l i z e d  

Be Capsule Design and Fabr i ca t ion  

The completed D-43 a l l o y  r e f l u x  co r ros ion  capsule  design i s  shown 
i n  F igu re  3. A minimum 0.020-inch t h i c k  reduced w a l l  s e c t i o n  w a s  
s e l e c t e d  on t h e  b a s i s  of a v a i l a b l e  creep d a t a  on t h e  D-43 a l l o y  (Ref. 
3) .  
t a i n e d  from specimens, F igure  4 ,  machined from t h e  D-43 a l l o y  bar used 
i n  t h e  f a b r i c a t i o n  of t h e  a c t u a l  capsules .  
w i t h  t h e  forementioned d a t a  (Ref, 3) i n  F igu re  5. It  should be noted 
t h a t  t h e  test  specimens were machined from t h e  pe r iphe ry  of t h e  D-43 
a l l o y  bar  such t h a t  t h e  gauge sec t ion  of each specimen had a s i m i l a r  
m e t a l l u r g i c a l  morphology a s  t h e  capsule  reduced w a l l  s e c t i o n .  

To val idate  t h e  capsule  design,  a d d i t i o n a l  creep d a t a  were ob- 

These d a t a  are compared 

The creep specimens were heated by a tantalum f o i l  r e s i s t a n c e  
element i n  a co ld  w a l l  vacuum f a c i l i t y  a t  1 x 10-6 t o r r .  Specimen 
e l o n g a t i o n  w a s  measured by an e x t e r n a l  LVDT extensiometer  s y s t e m  t h a t  
w a s  a t t a c h e d  t o  t h e  load t r a i n .  The q u a l i t y  of t h e  t es t  environment 
w a s  eva lua ted  by a comparison of t h e  p o s t - t e s t  chemical a n a l y s i s  of a 
c reep  specimen tes ted f o r  134 hours a t  2400°F w i t h  t h e  p r e - t e s t  a n a l y s i s ,  
T a b l e  11. 
t h e  creep behavior of t h i s  specimen which r e p r e s e n t s  t h e  extreme con- 
d i t i o n s  of t i m e  and t e m p e r a t u r e  of a l l  t h e  specimens tested.  
t i o n ,  t h e  maximum t i m e  observed f o r  5% s t r a i n ,  t h e  v a l u e  of main i n t e r -  
es t  i n  t h i s  s tudy ,  w a s  50 hours.  

The s m a l l  oxygen inc rease  shown would have l i t t l e  e f f e c t  on 

I n  addi -  

-4- 



TABLE I 

CHEMICAL ANALYSES OF THE 1.66-INCH DIAMETER D-43 ALLOY BAR 

(Heat 43-478-02) 

Element 

Oxygen 

Hydrogen 

Carbon 

Ni t rogen  

Tungsten 

Zirconium 

C o lumbium 

Vendor's Analyses 
ppm 

56 

8 

865 

35 

10 .1  W l 0  

1,o w / o  

Bal 

(1) By Vacuum Fusion Techniques,  

-5- 
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Figure 1. Structure of the Center Core From 1.66-Inch Diameter 

(K5263) 
D-43 Alloy Bar Showing Evidence of Prior Working. 

Etchant: 20%HF-20%HN03-60%H20 Mag: lOOX 

Figure 2. Recrystallized Structure of Outer Region of 1.66-Inch 
Diameter D-43 Alloy Bar. (K5264) 

Etchant: 2O%HF-2O%HN03-6O%H20 Mag: lOOX 
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2,051 
c -Ref. (I 

L 0 . 1 6 1  Dia A 
0.159 
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F igu re  4. Test Specimen Used f o r  Creep Evaluat ion of D-43 Alloy i n  
Vacuum. 
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Figure 5. Creep-Rupture Properties of D-43 Alloy .  
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TABLE I1 

CHEMICAL ANALYSES OF D-43 ALLOY CREEP SPECIMENS 

Element 
Pre-test P o s t - t e s t ( 1 )  

ppm p p m  

Oxygen 48 110 

Ni t rogen  23 25 

Hydrogen 5 1 

Carbon 865 9 60 

(1) 134 Hours at  2400°F i n  a Vacuum of 1 x 
Tor r  ( B a f f l e d  O i l  D i f f u s i o n  Pump System). 
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Using t h e  t es t  data d e p i c t e d  i n  F igure  5 ,  t h e  temperature- t ime 
r e l a t i o n s h i p  t o  produce 5% s t r a in  i n  a D-43 a l l o y  capsule ,  as a re- 
s u l t  of t h e  potassium vapor p re s su re ,  can be determined;  t h e  ca lcu-  
l a t e d  va lues  are shown i n  T a b l e  111. 
t h e  f i r s t  D-43 a l l o y  capsule  w i l l  be p l a c e d  on t e s t  a t  2200°F. 
e r a t u r e  adjustments  w i l l  be  made dur ing  t h e  i n i t i a l  p o r t i o n  of t h e  
t e s t  depending upon t h e  observed creep  ra te ,  measured by alumina probes 
on t h e  reduced w a l l  s e c t i o n  of t h e  capsule ,  s o  as t o  a t t a i n  approxi-  
m a t e l y  5% s t r a i n  i n  1,000-2,000 hours. Although t h e  d e s i r e d  s t r a i n -  
t i m e  r e l a t i o n s h i p  could be a t t a i n e d  a t  lower temperatures  by f u r t h e r  
r e d u c t i o n  i n  t h e  th i ckness  of the  capsule  reduced w a l l  s e c t i o n ,  prob- 
l e m s  a s s o c i a t e d  wi th  maintaining t o l e r a n c e s  during machining and hand- 
l i n g  do no t  warrant  t h i s  approach. 

On t h e  b a s i s  of t h e s e  r e s u l t s ,  
Temp- 

Three D-43 a l l o y  capsules  have been machined w i t h  a 0.020-inch 
t h i c k  reduced w a l l  s ec t ion .  
was removed by e l e c t r o s t a t i c  machining. 
w a s  used t o  machine t h e  thermocouple w e l l s  f o r  each capsule ,  t h e  re- 
s u l t i n g  s t r u c t u r e  va r i ance  between t h e  capsule  w a l l  and t h e  thermo- 
couple  wells should have no d e l e t e r i o u s  e f f e c t  on t h e  c r i t i c a l  a s p e c t s  
of t h e  t e s t ,  i . e . ,  t h e  behavior of t h e  m a t e r i a l  a t  t h e  reduced w a l l  
s e c t i o n .  
16 r m s  f i n i s h .  
capsu le  was t i g h t l y  f i t t e d  onto  an aluminum mandrel. The f i n a l  machin- 
i n g  w a s  performed on a tracer l a t h e  t a k i n g  maximum c u t s  of 0.003 inch  
f o r  t h e  f i n a l  0.030 i nch  t o  minimize induced stresses. 
of an unassembled capsule  i s  shown i n  F igure  6. 

The p a r t i a l l y  r e c r y s t a l l i z e d  c e n t e r  core  
Although some of t h i s  material 

The i n s i d e  diameter  was f i n i s h e d  by honing t o  b e t t e r  t han  a 
P r i o r  t o  machining t h e  reduced w a l l  s e c t i o n s ,  each 

A photograph 

C. T e s t  F a c i l i t y  

The des igns  f o r  t h e  h e a t  s h i e l d s ,  h e a t e r s ,  e l e c t r i c a l  t e rmina l s  
and capsu le  suppor t ing  components were completed, and subsequent ly  re- 
v iewed and approved by t h e  NASA Technical  Manager. All machined pa r t s  
have been rece ived .  Two remaining i t e m s ,  t h e  high-temperature  LVDT's 
and t h e  h igh -pur i ty  alumina probes,  a r e  on o rde r  and they  should b e  
r e c e i v e d  by January 15, 1965. Manufacturing d i f f i c u l t i e s  have p o s t -  
poned sh ipping  of t h e s e  i t e m s  by over a month from t h e  o r i g i n a l  da te .  

Severe "bumping" of potassium r e f  lux  co r ros ion  capsules  r e s u l t -  
i n g  from unbtable  b o i l i n g  i n  the  temperature  range of 1400" t o  1600°F 
has  been observed i n  t h i s  labora tory  and elsewhere (Ref. 4) and i s  a 
s e r i o u s  p o i n t  of cons ide ra t ion  i n  r e s p e c t  t o  t h i s  capsule  t es t .  Any 
deformation i n  t h e  reduced 0,020-inch t h i c k  w a l l  s e c t i o n  and/or  f r a c -  
t u r e  of t h e  alumina probes r e s u l t i n g  from b o i l i n g  i n s t a b i l i t i e s  of 

-11- 
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TEMPERATURE-TIME RELATIONSHIPS TO PRODUCE 5% STRAIN I N  A D-43 

ALLOY CAPSULE WITH A O.02O-INCH THICK REDUCED WALL SECTION 

Eff  c i v e  T i m e  f o r  5% Temperature Pot  ass ium 
"F P r e s s u r e ,  p s i  S t r e s s  T I ! ,  p s i  S t r a i n ,  Hours 

2000 152.3 4620 - - -  

20 50 175.5 5320 - - -  

2100 

2150 

2200 

201.0 

228.2 

259.4 

6100 

6930 

7560 

90,000 

20,000 

4 , 000 

2250 292.0 8850 800 

2300 326.0 9780 200 

(Ref. 3) 
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t h i s  type  dur ing  t h e  i n i t i a l h e a t u p  can not  be t o l e r a t e d .  The u s e  of 
a b o i l i n g  nuc lea to r  has  been shown t o  a l l e v i a t e  t h i s  problem (Ref. 4 ) .  
The des ign  t o  be  used i n  t h i s  study i s  shown i n  F igu re  7. Heat ing i s  
supp l i ed  by a s e p a r a t e l y  con t ro l l ed  tantalum wound r e s i s t a n c e  c o i l  
which i s  i n s u l a t e d  by tantalum f o i l  sh i e ld ing .  
temperature  i n  t h e  nuc lea to r  than t h e  capsule  dur ing  t h e  t i m e  t h e  cap- 
s u l e  i s  being heated through t h e  c r i t i c a l  temperature  range,  bubbles 
are nuclea ted  a t  t h e  r o o t  of t h e  1/16-inch d i a m e t e r  ho le .  This  con- 
d i t i o n  produces s t a b l e  b o i l i n g  of t h e  potassium w i t h i n  t h e  capsule  
i t s e l f .  Once t h e  c r i t i c a l  temperature  range i s  exceeded, t h e  temper- 
a t u r e  i n  t h e  nuc lea to r  w i l l  be  maintained a t  t h e  same level as t h e  
capsule .  

By main ta in ing  a h igher  

-14- 



(d 
.rl 
n 

9 9  
v o  
arc, 

0 0  

0 0  
p--%X- . .  

I 0 0  
I . .  

k 

. .  
0 0  

I I  I 

I 
1 

-15- 



I V .  TASK I1 - BIMETALLIC ISOTHERMAL CAPSULE TESTS 

A. M a t e r i a l s  Procurement 

Chemical ana lyses  (Ref. 3) of t h e  l - l /4-Lnch Schedule 80 s t a i n -  
less s teel  p ipe  t o  be used i n  capsule  f a b r i c a t i o n  i n d i c a t e d  t h e  n i t r o -  
gen conten t  of t h e  Type 316SS p ipe  (170 ppm) t o  be  more than  t h r e e  
t i m e s  g r e a t e r  than t h e  n i t rogen  content  of t h e  Type 321SS (52 ppm). 
Because of t h e  p o s s i b l e  d i f f i c u l t y  i n  a comparative p o s t - t e s t  evalua-  
t i o n  of t h e  n i t rogen  m a s s  t r a n s f e r  e f f e c t s  of t h e s e  two m a t e r i a l s  re- 
s u l t i n g  from t h e  d i f f e r e n t  n i t rogen  c o n t e n t s ,  an a d d i t i o n a l  h e a t  of 
Type  321SS was purchased. Subsequent chemical ana lyses  of t h i s  h e a t ,  
T a b l e  IVY i n d i c a t e d  a more amenable n i t r o g e n  a n a l y s i s  f o r  comparable 
e v a l u a t i o n  and f o r  t h i s  reason  t h e  la t ter  h e a t  of Type 321SS w a s  used 
i n  t h i s  s tudy.  

B. Capsule F a b r i c a t i o n  

Two Type 321SS and two Type 316SS co r ros ion  capsules ,  of t h e  
chemical  ana lyses  shown i n  Table  I V Y  were f a b r i c a t e d  t o  t h e  des ign  
shown i n  F igure  8. A b a l l i z i n g  technique w a s  employed t o  improve t h e  
f i n i s h  of t h e  i n s i d e  diameter  of t h e  capsules .  T h i s  technique con- 
s i s t s  of a x i a l l y  p r e s s i n g  a hardened (chrome-alloy t o o l  s t e e l )  over-  
s i z e d  b a l l  (0.006-inch i n t e r f e r e n c e  f i t )  through t h e  p ipe  which has  
been w e l l  l u b r i c a t e d  wi th  a h igh-pressure  wax. Af t e r  removal of t h e  
wax w i t h  organic  so lven t  and a l i g h t  p i c k l e  i n  20%HF, 2O%HNO3, 60XH20 
s o l u t i o n ,  t h e  r e s u l t i n g  f i n i s h  was b e t t e r  than  16 r m s .  Metal lographic  
examinat ion of t h e  i n t e r n a l  diameter of t h e  capsules  i n d i c a t e d  no 
d e l e t e r i o u s  e f f e c t s  are produced by employing t h i s  technique t o  re- 
duce s u r f a c e  i r r e g u l a r i t i e s ,  F igures  9 and 10. 

Bottom caps were tungs ten- iner t -gas  welded t o  each capsule  a f t e r  
b a l l i z i n g ;  subsequent helium mass spectrometer  l e a k  tes t s  i n d i c a t e d  
no leaks. Leak t e s t i n g  w a s  performed t o  MIL-STD271C (Ships) s p e c i f i c a -  
t i o n s  w i t h  a s e n s i t i v i t y  of 5 x 10-10 s t d  cc  of a i r  p e r  second. 

The su r faces  of t h e  0.040-inch t h i c k  Cb-1Zr a l l o y  s h e e t  specimens,  
t o  be contained i n  t h e  s t a i n l e s s  s tee l  capsu le s ,  were prepared by hand 
p o l i s h i n g  through 640 g r i t  paper,  washing, l i g h t  p i c k l i n g  i n  20%HF, 
ZO%HNO3, and 60%H20 s o l u t i o n  and c l ean ing  i n  e thanol .  Room temperature  
t e n s i l e  and 2000°F s t r e s s - r u p t u r e  t es t s  were conducted t o  e s t a b l i s h  t h e  
p r o p e r t i e s  of t h e  Cb-1Zr a l l o y  i n  t h e  pre- tes t  condi t ion .  The r e s u l t s  

-16- 
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C r  
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Ti 

Si 

cu 

TABLE IV 

CHEMICAL ANALYSES OF 1-1/4-INCH DIAMETER 

SCHEDULE 80 STAINLESS STEEL P I P E  

T y p e  316SS(1) 
ppm 

T y p e  321SS(2) 
ppm 

410 690 

78 

170 

85 

125 

4 8 

17.39 

12.33 

1.86 

2.24 

0.75 

0.21 

(1) H e a t  No. C a r p e n t e r  803776 

(2) Heat No. B & W 27634X 
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17.44 
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1.540 

EB Weld I I 

8.25 

Detail  A 

5.00 I 

TIG We1 d 
lD6' Dia. I, A 
1.60 

Figure 8. Stainless Steel Capsule Design. 
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Figure  9. Transverse Sec t ion  of As-Received Type 321SS Schedule 80 
Pipe  Showing Rough I n t e r n a l  D i a m e t e r  Surface.  (K5003) 

Etchant :  Aqua Regia Mag: 250X 

F igure  10, Transverse Sec t ion  of Ba l l i zed  Type 321SS Schedule 80 
P i p e ,  I n t e r n a l  Diameter Surface  Finished B e t t e r  Than 
16 r m s  wi th  no Evidence of Flowed Metal. (K5004) 

Etchant :  Aqua Regia  Mag: 250 
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are r e p o r t e d  i n  Table  V. A f i x t u r e  t o  hold  t h e  Cb-1Zr a l l o y  specimens 
v e r t i c a l  and e q u i d i s t a n t  from t h e  i n t e r n a l  walls of  t h e  capsu le s  was 
c o n s t r u c t e d  from 0.062-inch diameter Cb-1Zr a l l o y  w i r e  and i s  shown i n  
F i g u r e  11. 

b 
C. Capsule F i l l i n g  

The f o u r  s t a i n l e s s  s teel  capsules  were f i l l e d  w i t h  potassium 
and s e a l e d  under vacuum i n  a 30 JW e l e c t r o n  beam welding chamber, F i g -  
u r e  1 2 .  The potassium used was t r a n s f e r r e d  under argon p r e s s u r e  d i -  
r e c t l y  from t h e  f i n a l  h o t  t r app ing  c o n t a i n e r  (Ref. 3 ) ,  Figure  13,  i n t o  
t h e  evacuated chamber ( 3  x 10-5 t o r r )  through a hea ted  f i l l  tube  and 
i n t o  a c a l i b r a t e d  s t a i n l e s s  s teel  cup, F igu re  14. The temperature  of 
t h e  cup was maintained a t  200°F. Using t h e  d a t a  dep ic t ed  i n  F igu re  15,  
c a l c u l a t i o n s  show t h a t  135 cc  of potassium a t  200°F would r e s u l t  i n  a 
8 - inch  f i l l  h e i g h t  i n  t h e  capsules  a t  t h e  t e s t  tempera ture  of 1400°F. 
This h e i g h t  a l s o  i s  based on c o n s i d e r a t i o n  of the volume displacement  
of t h e  Cb-1Zr a l l o y  specimens and f i x t u r e .  The s u r f a c e  area r a t i o  
between t h e  s t a i n l e s s  s tee l  and t h e  Cb-1Zr a l l o y  i n  c o n t a c t  w i t h  l i q u i d  
potass ium has  been shown t o  b e  c r i t i c a l  (Ref. 2) .  The r e l a t i o n s h i p s  
desc r ibed  i n  t h i s  s tudy  c o n s t i t u t e  a 4 : l  r a t i o  which i s  more t h a n  s u f f i -  
c i e n t  t o  observe mass t r a n s f e r  of n i t r o g e n  and carbon i n  Type 316SS a t  
tempera tures  near  1500°F (Ref. 2). 

The measured potassium was poured from t h e  cup through a hea ted  
s t a i n l e s s  steel  funne l  i n t o  the capsule .  Each capsu le  was p o s i t i o n e d  
under  t h e  funne l  by means of a f l e x i b l e  c a b l e  which w a s  a t t a c h e d  on one 
end t o  a gear  t r a in  on t h e  t a b l e  and on the o t h e r  end t o  a crank o u t -  
s i d e  the chamber, F igu res  12  and 16. When f i l l e d ,  each capsu le  was 
r o t a t e d  under a manipulator  which was used t o  p o s i t i o n  t h e  capsu le  cap 
i n  t h e  machined, s l o t t e d  w e l l  on t h e  capsu le  top .  The manipulator  i s  
s e a l e d  on t h e  o u t s i d e  of t h e  chamber by a bel lows,  The capsule  w a s  
p o s i t i o n e d  under t h e  EB gun by means of a f l e x i b l e  c a b l e  i n  con junc t ion  
w i t h  the t a b l e  d r i v e .  The gear  on each capsu le  w a s  t h u s  a d j u s t e d  t o  
mesh w i t h  t h e  welding d r i v e  gear such t h a t  the capsu le s  r o t a t e d  around 
i t s  axis dur ing  welding. T h i s  gear i s  c o n t r o l l e d  by a v a r i a b l e  speed 
motor which can be a d j u s t e d  t o  o b t a i n  t h e  optimum welding speed. 
c h i l l  b locks  wexe f i t t e d  on each capsu le  t o  reduce  t h e  h e a t  conduct ion 
a long  the capsu le  dur ing  welding and t h e  r e s u l t i n g  p o s s i b l e  vapor i za -  
t i o n  of  t h e  potassium caus ing  unsound w e l d s .  

Copper 
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TABLE V 

PRE-TEST STRENGTH ANALYSIS OF MCN-454 Cb-1Zr ALLOY 0.040-INCH SHEET 

T e n s i l e  P r o p e r t i e s  

Temp. 
"F  

RT 

RT 

Temp. 
"F  

2000 

2000 

U l t i m a t e  T e n s i l e  Y i e l d  S t r e n g t h  
S t r e n g t h ,  p s i  .2% O f f s e t ,  p s i  Elongat ion,  % 

39 , 900 23 , 300 37.0 

38 , 900 21,900 40.4 

S t r e s s - Rup t u r  e (1) P r o p e r t i e s  

S t r e s s ,  p s i  

10,000 

8,000 

Rupture Time 
Hours 

252 

164(2) 

(1) Tes ts  Conducted i n  Vacuum; 1 x 
Tor r .  (Ge t t e r - Ion  Pump System) 

(2)  Did Not Rupture; T e s t  Discontinued. 
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Figure  13.  E x t e r n a l  V i e w  of t h e  F a c i l i t y  f o r  Potassium T r a n s f e r ;  
t h e  Hot Trap i s  Shown Attached t o  t h e  Vacuum Tank 
Closure.  (C63041623) 
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er C h i l l  B lock  

F i g u r e  14. I n t e r n a l  Arrangement of F a c i l i t y  f o r  F i l l i n g  Cor ros ion  
Capsu le s  w i t h  Potass ium as Viewed Through S i g h t  P o r t  of 
E l e c t r o n  B e a m  Welding Chamber. (C64121621) 
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F i g u r e  15. Dens i ty  of Liquid  Potassium as a Funct ion of Temperature. 
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Samples of t h e  potassium used t o  fill t h e  capsu le s  were t aken  i n  
two l o c a t i o n s .  One sample was obtained by f i l l i n g  a s t a i n l e s s  s teel  
t u b e  i n  t h e  same manner as t h e  capsules  are f i l l e d ,  F igu re  14. The 
o t h e r  sample was t aken  by removing a s e c t i o n  of t h e  f i l l  l i n e  between 
t h e  chamber and t h e  h o t  t r a p .  The r e s u l t i n g  oxygen ana lyses  by t h e  
mercury amalgamation method showed 2 . 5  ppm oxygen i n  t h e  potassium 
taken  from t h e  chamber sample and 3 ppm oxygen i n  t h e  potassium t a k e n  
from t h e  f i l l  tube.  
t r o g r a p h i c  a n a l y s i s .  A can was placed on t h e  r o t a t i n g  t a b l e  t o  pro-  
v i d e  means of dumping any excess potassium dur ing  f i l l i n g .  The f i rs t  
cup of potassium was d iscarded  i n  t h i s  manner as a r e s u l t  of p o s s i b l e  
contaminat ion from pickup a long  t h e  walls of t h e  empty f i l l  l i n e .  

Metallic i m p u r i t i e s  are be ing  determined by spec-  

The f o u r  f i l l e d  and s e a l e d  capsules  were examined r a d i o g r a p h i c a l l y  
t o  a s s u r e  sound e l e c t r o n  beam w e l d s  and subsequent ly  p u t  i n  t es t .  

D.  T e s t  F a c i l i t y  

The a i r  environment f u r n a c e  t o  be used f o r  t e s t i n g  the s t a i n l e s s  
s tee l  i so the rma l  co r ros ion  capsu le s ,  F igu re  1 7 ,  was designed and con- 
s t r u c t e d  dur ing  t h e  r e p o r t  in te r im.  The f a c i l i t y  c o n s i s t s  of f o u r  
1340 w a t t ,  nichrome-wound r e s i s t a n c e  elements ,  i n d i v i d u a l l y  c o n t r o l l e d  
w i t h  General  E lec t r ic  Volt-Pac 9H60 v a r i a b l e  t r ans fo rmers .  Each cap- 
s u l e  i s  h e l d  i n  p l a c e  w i t h  an  a d j u s t a b l e  t i e  b o l t  a t t a c h e d  t o  a s t a i n -  
less s teel  r e t a i n i n g  p l a t e .  The 8-poin t  r e c o r d e r  a l lows  dua l  temper- 
a t u r e  moni tor ing  of each capsu le  w i t h  chromel-alumel thermocouples. 

E. Capsule  T e s t i n g  

The 1,000-hour b i m e t a l l i c  co r ros ion  capsu le  test  a t  1400°F was 
i n i t i a t e d  on December 18, 1964. Two beaded chromel-alumel thermocouples 
were s p o t  welded t o  t h e  s i d e s  of two capsu le s  a t  t h e  mid-point on t h e  
l o n g i t u d i n a l  axis and 180" a p a r t .  One thermocouple w a s  a t t a c h e d  t o  
each of the remaining two capsules  f n  the  same l o c a t i o n  and t h e  second 
thermocouple w a s  a t t a c h e d  near  the  top  of one of t h e  capsu le s  and n e a r  
t h e  bottom of t h e  o t h e r  capsule .  Temperature measurement t o  d a t e  has 
i n d i c a t e d  a maximum of 15°F d r i f t ;  however, t empera ture  v a r i a n c e  from 
c a p s u l e  t o  capsu le  a t  t h e  mid-point i s  less t h a n  10°F. A maximum of  
20°F tempera ture  d i f f e r e n t i a l  was measured between t h e  t o p  and bottom 
thermocouples . 
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F i g u r e  17. T e s t  F a c i l i t y  fo r  I s o t h e r m a l  Cor ros ion  Capsule  Tests. 
(C 641 210 39) 
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A. 

B. 

V. FUTURE PLANS 

Task I 

1. Complete assembly of test f a c i l i t y  components and check- 
out  ins t rumenta t ion .  

2, 

3. I n i t i a t e  t h e  f i r s t  capsule  tes t  a t  2200°F. 

F a b r i c a t e  and f i l l  t h e  f i r s t  D-43 a l l o y  capsule .  

1. Complete t h e  1,000-hour capsule  t es t  a t  1400°F and i n i t i a t e  
pos t  - test eva lua t ion .  
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